P19.016-Mon 


K 

T 

; i i 

I ' 

" *■ i 


DEEP-STRUCTURE OF THE GENETIC CODE AND THE ORIGIN OF REPLICATION: 
PATH INVARIANTS AS PRE-LUCA ATTACHMENT SITES 
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Introduction: The genetic code conserves an imprint of its evolution before the Last 
Universal Common Ancestor (LUCA), over 3.5x10 9 years ago, as its diverse structural 
regularities are unified by a model equating the time-order of codon assignments to 
amino acid synthesis path-length. In accord with pre-LUCA attachment to an 
adaptor/cofactor tRNA, intermediates in the synthesis of all amino acids (except 
histidine) retain a free a-carboxyl. Attributing the pentose-P cycle invariant P0 4 2 ' to a 
former poly(P) scaffold, subsequently, led to evidence on the origin of replication. 


Method: Pre-RNA replicators, identified by applying the path-invariant principle, were 
constructed with model-building software (Facio-20.1.3), optimized by restricted Hartree- 
Fock fragment molecular orbital calculations (Gamess-64-2016). 


Results: 

□ 5'—>3' CODON BASE RECRUITMENT PRODUCED THREE PATH-LENGTH 
DEPENDENT STAGES IN GENETIC CODE FORMATION 



RCC, reductive citrate cycle. CT, central trunk. RPC, reductive 
pentose cycle. FRC, formose reaction cycle. 

□ PATH-DISTANCE MODEL UNIFIES CODE STRUCTURAL REGULARITIES 1 


1. Woes*, l c Jbb; NAN, NUN at hydiuuulhy dusters. 

?. fir ft tii chief et el. I96fi: nonsense radon inhibition. 

3. Nucnbcig cl ol, 1966; uu biuaynthctK; dusters, 

IJwmillj 1966: co d on 4-sfirs have S'/mirt-C, G- 

5. Cridc, 1966; universality Of standard code. 

6 . WiIckih, Nirt?iih*i[i J 14 tifS: IHNA Ail tiufuctnr. 

?. (indwell, 1969: tie 1 ' path has four Val ? steps. 

3. Dttion, 1973: 4 sets predated 2 and 1 sets. 

9- lldlmi, 1973, W.::mi:| r 197S: nn with LkiNA. 

10. HiUnm, 197.3, Wflrhte rshnuRfir, 699?: 55 synthesis 
paths farmed by reductive organa synthesis. 

11. Perlwit? et sal. I9.(5!,i: mid-base most rolling capacity. 

12. Taylor,. Coates, 1989: sibling a a share codon 5'-base. 
13- Taylor, Coates, 1969: smallest aa assigned 4-sets. 

14. Gatielt, Giisliam, 1999: na like aa have king paths. 
13- lim, Curran, 2001,: T:Y wnbhle split eight c4-sets. 

16. Crooks ctat. 2002: andent proteins have early □□ 

1 i. Hinoks et nl. 200?: «iirly am in proteins. 

15. Crooks, Fresco, 2003 : OWN code for early aa. 

19. Giro OtaS. 2003: codon R, Y mid base aa ekistCrs. 

JO. NoiyH m r-rt kL # I. ?O09: i«t:anSlriJ(:lKin of PrO*fd»3. 

21. Rodin etal., 2009. tRNA N2:N71 go m pfementa rity. 

22. Williams Cl al. 2009: Synhctasc duahly. 


1. Code comprises six domains of curiliyuuus codons 
read by related pre-1 LJCA tRNA tor same-family aa. 

2. Amino add synthesis irilorrncdialcs retain an invariant 
n-rarhoxyl linked to eariy tHWA-cofactor attachment. 

3. Path distances reveal codon bases were assigned to 

dial in:: I kinds of hi 1 ] in 3'—rtrtid.=3 l order. 

4. Compact KAN codon set {K, carting site] first encoded 
four N fixer aa (12 step paths) and a Stop signal. 

3- First carte places origin of pmt«a 1 * til two RCC H-fixer 
Sites, yielding draciris Asp L , Gin 1 and amides Asn 2 , Gin/ 1 . 

6. Source duality is ampldicd in dliaCid function (aa source v. 
N donor), phylognetic depth, and synthetase class. 

7. Pre-IUCA tRNA identities indicate Asp 1 was Initially 
precursor td 15 aa, and Glu 1 to only 3 aa. 

8. Asn 3 and Gbr attachment to tRNA blocked lactam 
formation by these eariy, Ishile aa. 

9. Mud base was assigned in an (A)-C—G—U order to Den 

in c<eii Singly iiy:ho|jb(]bic aa of tv A, 3, mid / pntli-sieps. 

10. Fight stable code-boxes (4-sets) were assigned (GCN 
to Qm 6 ) during expansion from the N fixer's code. 

11- 3'-Ruse encoded six hesic/ai-artiatic uu of 9-14 puth- 
SDeps, by overprinting six error-prone boxes. 

12. tltNA cufaclur esdiuuou led to anomalous assignment 
of LJLJR, CUN Id Leu 1 *, mud ACift, CON to Arg' J 
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□ RPC REPLICATOR HAS A POLY( P0 4 2 -) SCAFFOLD 



Ladder-like poly(D-ribulose-1,5-bis-phosphate), poly(RuBP), 
yields poly(triose-P), poly(TP), in an FRC aldotetrose (AT)- like 
cleavage of the C2-C3 bond. Lower, Poly(RuBP) with a 
complex binary (RuBP, P0 4 2- ) sequence, within a cationic mineral 
surface system, rf, replicative-form; bar, 1 A. 


□ ANTI-PARALLEL RuBP MONOMERS H-BOND 


Rihulose-1,5-P 

>■» fK 

Ritoose-1,5-P 

S-ketO-RlbUjpSO-l ,5-P 
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ftibnse-V.5*P 

RibUlOSe-1.5-P 1 — 


□ NON-INTERACTNG Ri-P MONOMERS FORM AN 
EMBEDDED SCAFFOLD IN A (Ru-P, Ri-P) DUPLEX 



Initial duplex ribose pairs, Ri:Ri, are restored on Ru—>Ri 
conversion of unpaired Ru in a poly(Ru-P) daughter strand. 


□ NUCLEOBASE-INTERMEDIATES H-BOND, 
WITH RNA-LIKE EXTERNAL, ANTI-PARALLEL 
Ri-P SCAFFOLD, IN A PENTOSE-P DUPLEX 



Conclusion: Analysis of pre-LUCA reaction sequences 
furnished evidence on the origin of the genetic code and 
replication, from spontaneous pre-sugar autocatalysis. 








































